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MODULAR CERAMIC OXYGEN GENERATOR 

Background of the Invention: 

This invention relates to devices for separating oxygen from a more complex gas containing 
oxygen to deliver the separated oxygen for use. More particularly, the invention relates to solid state 
electrochemical devices for separating oxygen from a more complex gas 

It has been demonstrated that oxygen can be removed from more complex gasses, s ;ch as air, 
by an electrochemical process of ionizing the oxygen molecules transporting the oxygen ions through 
a solid electrolyte and reforming the oxygen molecules on the opposite electrolyte surface An 
electric potential is applied to a suitable catalyzing electrode coating applied to the surface of the 
electrolyte which is porous to oxygen molecules and which acts to dissociate oxygen molecules into 
oxygen ions at its interface with the electrolyte. The oxygen ions are transported through the 
electrolyte to the opposite surface, which is also coated with a catalyzing electrode and electrically 
charged with the opposite electric potential which removes the excess electrons from the oxygen ions, 
and the oxygen molecules are reformed. 

The material forming the ion conductor, as is known, is a ceramic, and a wide variety of 
ceramics have been found useful for this purpose For example, as discussed in U S patent number 
5,385,874 doped metal oxide ceramics have been found to provide high oxygen ion conductivity. 
The metal oxide may comprise from about 75% to about 90% of the overall composition, and typical 
oxides used to form the basis of the compositions may include zirconia, ceria, bismuth oxide, thoria, 
hafnia and similar materials known in the ceramics art. These are but examples, and the specific 
selection of material is not a part of the invention described herein. 

As discussed, the generation of oxygen from electroded ceramic electrolytes or ion conductors 
is well known. These principles have been used in a wide variety of structural forms, i.e., the shape 
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of the ceramic electrolyte and the arrangement of electrodes on or within the electrolyte hav e taken 
a variety forms. Each of these forms, howev er, has been found to have significant disadvantages in 
terms of the amount of surface area available for oxygen generation per unit volume and weight, the 
electrical connections have been difficult to manage, the collection devices for the oxygen output are 
difficult to manufacture and integrate with the electrolyte and the sources of gas from which oxygen 
is to be separated often are restricted. 

For example, in some of the devices of this type, the ceramic electrolyte is constructed as a 
large flat plate, and this has significant disadvantages. It is limited in its ability to withstand high 
output deliver) pressures. Consequently, the plate must be either thicker, have stiffening ribs or have 
short spans between the sealed edges all of which add significantly to cost and manufacturing 
complexity. 

U.S. patent number 5,302,258 describes a device where a plurality of tuber each having 
electrodes on the interior and exterior surfaces thereof, are used The tube design is an improvement 
in terms of its ability to withstand higher pressures. However, considerable labor cost are are 
involved for sealing each tube to a manifold and to make the necessary electrical connections to each 
of the tubes. 

U.S. patent number 5,205,990 describes a honeycomb configuration which provides a less 
expensive way to produce the necessary surface area for the process and is structurally adequate to 
withstand the higher delivery pressures desirable. The ceramic electrolyte in this configuration has 
a series of channels, a portion of which are electroded with a first polarity, and the others of which 
are electroded with a second polarity; these channels are said to form the honeycomb appearance. 
This arrangement has significant disadvantages in the labor required to seal the ends of numerous 
oxygen collecting channels and the wiring needed to connect those same channels. The alternating 
rows of oxygen and air channels provide only half the effective surface area as might be available from 
the amount of ceramic electrolyte used, and the electrical connections throughout this honeycomb 
structure are intricate and expensive to manufacture. 




It is therefore an object of this invention to provide a ceramic oxygen generator having an 
electrolyte configuration which provides for an increased active surface area per unit volume and 
weight of ceramic material. 

Another object of this invention is to provide a ceramic oxygen generator wherein the 
electrica] connections to the individual anode and cathode surfaces are simplified and less cos'ly to 
make. 

A further object of this invention is to provide a ceramic oxygen generator wherein the 
manifold structure for receiving the separated oxygen is an integral part of the manufactured 
generator structure and is less costly to make. 

Still another object of this invention is to provide a ceramic oxygen generator which is of a 
modular configuration and thereby provides a simple "building block" approach to meet differing 
requirements for amounts of oxygen to be generated. 

An additional object of the invention is to provide a ceramic oxygen generator meeting the 
foregoing objectives which is capable of operating w!th oxygen containing entrance gasses of a wide 
variety of pressures. 

Summary of the Invention 

The foregoing and other objects are achieved in a modular ceramic oxygen generating system 
constructed according to the invention wherein an ionically conductive ceramic electrolyte is molded 
to have a plurality of tubes extending from a support member forming a module The tubes are closed 
at the ends thereof outermost from the foregoing surface while open ends of the tube form openings 
in the support member for the tubes All surfaces of the electrolyte including the inner and outer 
surfaces of the tubes and the top and bottom of the support member are coated with a porous ionizing 
electrode material in a continuous fashion A second coating of a different material may be applied 
to the same surfaces, if desired, to act as a low resistance current carrier and distributor. The tube- 
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like members are formed into rows and columns on the tube support member. The aforementioned 
coatings of material are formed into electrical circuits which are created such that the columns of said 
tubes are connected in parallel while the rows thereof are connected in series. The tube support 
member includes a lower surface which is adapted to be joined with a like surface of another element 
to form an oxygen generator module assembly. A number of module assemblies can h& - e their output 
ports connected together to form a system of greater capacity. 

Brief Description of the Drawings 

The principles of the invention will be more readily understood by reference to the description 
of a preferred embodiment given below along with the drawings which are briefly described as 
follows 

Figure 1 is a top perspective view of one of the molded, modular elements used to form 
module assembly of two molded elements creating the ceramic oxygen generator module assembly 
according to the invention 

Figure 2 is a top perspective view of the two of the figure 1 molded elements formed into the 
aforementioned module assembly. 

Figure 3 is a bottom plan view of the figure 1 embodiment. 

Figure 4 is a partial cross sectional view taken along the line 4- '.■ of the figure 1 embodiment. 

Detailed Description of the Draw ings 

In each of the figures of the drawings like elements are referred to with like reference 
numerals. 

The ceramic oxygen generating assembly according to the invention is generally comprised 
of pairs of molded "building block" or modular elements such as the one depicted in figure 1. The 



modular element 10 can be, for example, injection molded of an ionically conductive ceramic 
electrolyte and in the configuration shown provides a large surface area per unit volume, and it 
includes an integral manifold structure (to be described) for collecting oxygen. As is shown in figure 
2 the symmetry of the modular design of element 10 allows a second element 10' to be inverted and 
sealed to the first element to form the assembly. 

Referring again to figure 1, as stated, the element 10 is, for example, formed by an injection 
molding process from an ionically conductive ceramic electrolyte. By this molding process element 
10 is formed into a series of tubes 12 extending from a generally planar tube support member 14. In 
this embodiment the tubes are formed into 28 columns of 8 tubes each, or stated another way, 8 rows 
of 28 tubes each The outer end of each tube 12 is closed at 15. The upper surface 16 and outer 
surfaces 13 of the tubes 12 along with the closed ends 15 thereof, are then coated with a catalyzing 
and electrically conductive material. (See figure 4). Likewise, the lower surface 18 (figure 3) and 
interiors 17 of each of the tubes 12 are coated with a similar electrically conductive material. These 
coatings form the two electrode surfaces separated by the ceramic electrolyte. As best shown in 
figure 3, a series of vias 20 are provided, which are simply holes extending through the ceramic 
electrolyte, and these holes are plated through (and filled or plugged) during the electroding process 
After the electroding process, the electrode material on portions of the upper and lower surfaces 16 
and 18 may be burned away to form the desired electrical connections (to be described) through 
certain vias 

As stated, the elements 10 and 10' forming the figure 2 assembly are dentical and symmetrical 
so that they may be placed together in the manner shown In figure 2 to form complete assembly. A 
flange member 22 extends outwardly from the lower surface 18 of tube support member 14 around 
the perimeter thereof so that when the elements 10 and 10" are placed together as in figure 2 the 
flange members 22 and 22' are joined to form a manifold 24 in the interior thereof between the lower 
surfaces 18 of the two elements 10 and 10' As best shown in figure 3, an exit port 26 is provided 
in tube support member 14 to communicate with the interior of manifold 24. Outlet ports could also 
exit along the longer edges of the elements 10 and 10' to allow side- by-side rather than end-to-end 



connection of a plurality of assemblies. 



Figure 4 is a partial cross sectional view taken along the line 4-4 in figure 1. Thus, figure 4 
is a cross sectional view of four tubes from a row of 28 in the described embodiment. As can be seen 
the tubes 12 and tube support member 14 are of the ceramic electrolyte material. The outer surfaces 
21 of tubes 12 and the upper surface 16 of tube support member 14 are continuously coated with an 
ionizing and electrically conductive material to form an electrode for the time being continuously 
covering these surfaces. Likewise, the interior surfaces 23 of tubes 12 are coated with an electrically 
conductive material, and this coating 34 continues to cover the lower surface 18 of tube support 
member 14. As mentioned, in this electroding process, the vias 20 extending through tube support 
member 14 will be filled with the electrically conductive material. The entire surface area is coated 
such as by a dipping process. 

In order to form these coatings into electrical circuits capable of creating oxygen generation 
devices of the above described type it is necessary to selectively bum away eertajrTof the electrode 
material to produce the desired electrical connections. To this end, a series of cuts in the electrode 
material 24 on the lower surface 18 of tube support member 14 are made as shown at 30 a-c These 
cuts may be made with a suitable laser. These cuts extend longitudinally of the columns the full 
dimension of tube support member 14 between each of the columns of tubes 12 Likewise, cuts 32 
a-d are made in the electrode surface 21 formed on the upper surface 16 of tube support member 14. 
Again, these cuts 32 extend longitudinally the full dimension of tube support member 14 along each 
column of tubes 12. It will be noted, for example, that cut 32a is made on the side of via 20a nearer 
tube 12a while cut 30a is made on the side of via 20a nearer tube 12b. Thus, a series connection is 
made between electrode surface 21 of tube 12b and that portion of electrode surface 24 on tube 12a. 
The same relationships will then occur between the first and second electrode surfaces of the next 
succeeding tubes in the row, and this same relationship will follow in each of the rows. By allowing 
the electrode material to remain in the vias 20 the best possible low resistance connection between 
the tubes is formed. 



The cuts 30 and 32 made longitudinally of columns of tubes, such as the cuts 30a and 32a 
between columns formed by tubes 12a 12b, and the like cuts between the other columns of tubes, in 
effect, form the tubes in a column into a parallel electrical circuit. 

The result of this arrangement, using the figure 1 embodiment as an example, is that in the 
combination of 28 columns of 8 tubes each (8 rows) the electrodes (first and second electrodes) of 
each tube in each column of 8 tubes are in parallel electrically. Each of the 2S columns are in series 
electrically. It should be noted that this a-rangement is only exemplary and the sizes of the tubes and 
the arrangement of the rows and columns of tubes can be varied allowing the design to be an 
optimized arrangement of the series and or parallel electrical connections to each tube for best 
voltage and current distribution. In the illustrated example, if it is assumed that the figure 1 module 
receives power from a 24 volt supply, the voltage applied across each tube would be less than one 
volt because each column of tubes acts in effect, as one of 28 series resistors. The voltage required 
to effect the ionization and transport oxy gen across such a device is affected by several parameters 
including: operating temperature, differential oxygen partial pressure across the generator, ionic 
conductivity of the electrolyte, electrical resistance of the electrolyte, electrode interface, spreading 
resistance of the electrode and resistance of the electrical connections to the generator. In general, 
however, this voltage is less than one volt and can be a small fraction of a volt in optimized designs. 
The number of tubes (or columns of tubes) is dependent on the power supply voltage and the desired 
voltage to be applied to each tube It is to be understood that each column of 8 tubes (and associated 
vias) in this example could be further subdivided such that 8 separate series of 28 tubes each are 
formed. However, nonuniformity of electrode characteristics could cause localized overheating and 
subsequent burnout of one tube resulting in the loss of the series of 28 tubes. Arranging the tubes 
into columns as shown with multiple vias provides redundancy and normalization of the current flow. 

In operation, the air or other gas from which oxygen is to be extracted flows across the tubes 
12 and by reason of the principles of ionic conductivity discussed hereinabove, a gas having a higher 
pressure of oxygen is formed in the interiors of tubes 12 and is collected in manifold 24. This supply 
of oxygen is communicated via port 26 to the component having the oxygen requirement. 



It is to be understood that while circular or cylindrical tubes having exterior and interior 
surfaces are shown in the described embodiment other configurations for the "tubes" could be used 
and the term "tube" is used herein only for purposes of convenience of reference. 

An alternative arrangement to each column of hollow tubes is a hollow "cantilever shelf 
configuration which would provide approximately the same effective surface area. These flat hollow 
sections with one end molded closed would be manifolded together as the tubes are to provide a 
common output port. Internal stiffening ribs could be added between the opposing flat walls to 
increase the ability to withstand internal pressure as required. 

The pr.nciples of this invention are described hereinabove by describing a preferred 
embodiment constructed according to those principles. It will be understood that the described 
embodiment can be modified or changed in a number of ways without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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